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ABSTRACT
We have performed a multi-wavelength analysis of a mid-infrared (MIR) bubble N37 and its sur-
rounding environment. The selected 15′×15′ area around the bubble contains two molecular clouds
(N37 cloud; Vlsr ∼37–43 km s
−1, and C25.29+0.31; Vlsr ∼43–48 km s
−1) along the line of sight. A
total of seven OB stars are identified towards the bubble N37 using photometric criteria, and two of
them are spectroscopically confirmed as O9V and B0V stars. Spectro-photometric distances of these
two sources confirm their physical association with the bubble. The O9V star is appeared to be the
primary ionizing source of the region, which is also in agreement with the desired Lyman continuum
flux analysis estimated from the 20 cm data. The presence of the expanding Hii region is revealed
in the N37 cloud which could be responsible for the MIR bubble. Using the 13CO line data and
photometric data, several cold molecular condensations as well as clusters of young stellar objects
(YSOs) are identified in the N37 cloud, revealing ongoing star formation (SF) activities. However,
the analysis of ages of YSOs and the dynamical age of the Hii region do not support the origin of
SF due to the influence of OB stars. The position-velocity analysis of 13CO data reveals that two
molecular clouds are inter-connected by a bridge-like structure, favoring the onset of a cloud-cloud
collision process. The SF activities (i.e. the formation of YSOs clusters and OB stars) in the N37
cloud are possibly influenced by the cloud-cloud collision.
Subject headings: dust, extinction – H ii regions – ISM: clouds – ISM: individual objects (N37) – stars:
formation – stars: pre-main sequence
1. INTRODUCTION
Massive stars (>8 M⊙) play a crucial role in the evo-
lution of their host galaxies, but their exact forma-
tion and evolution mechanisms are still under debate
(Zinnecker & Yorke 2007; Peters et al. 2012; Dale 2015;
Kuiper et al. 2015). It is not yet understood whether
the formation of massive stars is only a scaled-up ver-
sion of birth process of low mass stars, or is it a com-
pletely different process. One can find more details
about the current theoretical scenarios of massive star
formation in the recent reviews by Zinnecker & Yorke
(2007) and Tan et al. (2014). Recently, a collision be-
tween two molecular clouds followed by a strong shock
compression of gas is considered as a probable forma-
tion mechanism of massive stars (Furukawa et al. 2009;
Ohama et al. 2010; Fukui et al. 2014; Torii et al. 2015).
Habe & Ohta (1992) numerically found that the head-on
collision between two non-identical molecular clouds can
trigger the formation of massive stars, and such process
could also form a broken bubble-like structure. In a de-
tailed study of RCW 120 star-forming region using the
molecular line data, Torii et al. (2015) reported that the
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collision between two nearby molecular clouds has trig-
gered the formation of an O star in RCW 120 in a short
time scale. However, observational evidences for the for-
mation of O stars via a collision between two molecular
clouds are still very rare.
Massive stars can significantly influence the surround-
ing interstellar medium (ISM) through their energetics
such as ionizing radiation, stellar winds, and radiation
pressure. They have an ability to help in accumulation
of surrounding materials (i.e., positive feedback) and/or
to disperse matter into the ISM. Furthermore, they can
also affect the star formation positively and negatively
(Deharveng et al. 2010). The positive feedback of mas-
sive stars can trigger the birth of a new generation of
stars including young massive star(s). More details about
the various processes of triggered star formation can be
found in the review article by Elmegreen (1998). How-
ever, the feedback processes of massive stars are not yet
well understood, and the direct observational proof of
triggered star formation by massive stars is rare. But
the influence of massive stars on their surroundings can
be studied with several other observational signatures
(like H ii region, wind-blown or radiation driven Galac-
tic bubble, etc.).
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Recently, Spitzer observations have revealed thousands
of ring/shell/bubble-like structures in the 8 µm images
(Churchwell et al. 2006, 2007; Simpson et al. 2012), and
many of them often enclose the H ii regions. Hence, the
bubbles associated with H ii regions are potential targets
to probe the physical processes governing the interaction
and feedback effect of massive stars on their surround-
ings. Additionally, these sites are often grouped with
the infrared dark clouds (IRDCs) and young stellar clus-
ters, which also allow to understand the formation and
evolution of these stellar clusters.
In this paper, we present a multi-wavelength study of
such a mid-infrared (MIR) bubble, N37 (l = 25◦.292, b =
0◦.293; Churchwell et al. 2006), which is associated with
an H ii region, G025.292+00.293 (Churchwell et al. 2006;
Deharveng et al. 2010; Beaumont & Williams 2010).
The bubble N37 is classified as a broken or incomplete
ring with an average radius and thickness of 1.′77 and
0.′49, respectively (Churchwell et al. 2006). The bubble
is found in the direction of the H ii region RCW 173 (Sh2-
60) (see Figure 9 in Marco & Negueruela 2011). The
velocity of the ionized gas (∼39.6 km s−1; Hou & Han
2014) is in agreement with the line-of-sight velocity of
the molecular gas (∼41 km s−1; Beaumont & Williams
2010; Shirley et al. 2013) towards the bubble N37, indi-
cating the physical association of the ionized and molec-
ular emissions. Presence of several IRDCs are also
reported around the N37 bubble by Peretto & Fuller
(2009). Marco & Negueruela (2011) analyzed the pho-
tometry and spectroscopy of stars in the direction of
the H ii region, RCW 173, and found that most of the
stars in the field are reddened B-type stars. They also
identified a star a805 (G025.2465+00.3011) having spec-
tral type of O7II and suggested this as the main ion-
izing source in the area. Several kinematic distances
(2.6, 3.1, 3.3, 12.3, and 12.6 kpc) to the region are
listed in the literature (e.g. Beaumont & Williams 2010;
Churchwell et al. 2006; Blitz et al. 1982; Watson et al.
2010; Deharveng et al. 2010). However, it has been
pointed out by Churchwell et al. (2006) that the MIR
bubbles located at the Galactic plane are likely to be
veiled behind the foreground diffused emission if they
are situated at a distance larger than ∼8 kpc. Hence,
it is unlikely for the bubble N37 to be located at a dis-
tance of about 12 kpc. Therefore, in this work, we have
adopted a distance of 3.0 kpc, the average value of all
available near-kinematic distance estimates.
We infer from the previous studies that the bubble is
associated with an H ii region and an IRDC together.
However, the physical conditions inside and around the
bubble N37 are not yet known, and the ionizing source(s)
of the bubble is yet to be identified. Furthermore, the
impact of the energetics of massive star(s) on its local
environment is not yet explored. The detailed multi-
wavelength study of the region will allow us to study the
ongoing physical processes within and around the bubble
N37. To study the physical environment and star forma-
tion mechanisms around the bubble, we employ multi-
wavelength data covering from the optical, near-infrared
(NIR) to radio wavelengths.
The paper is presented in the following way. In Sec-
tion 2, we describe the details of the multi-wavelength
data. We discuss the overall morphology of the region
in Section 3. In Section 4, we present the main results
of our analysis. The possible star formation scenarios
based on the multi-wavelength outcomes are discussed
in Section 5. Finally, we conclude in Section 6.
2. OBSERVATIONS AND DATA REDUCTION
In this work, we employed a multi-wavelength data to
have a detailed understanding of the ongoing physical
processes within and around the bubble. We selected a
large-scale region of 15′×15′ (centered at l = 25◦.315, b =
0◦.278) around the bubble N37, which also contains an
IRDC and a pillar-like structure (see Figure 1a). Details
of the new observations and the various archival data are
described in the following sections.
2.1. Optical spectra
To spectroscopically identify the ionizing sources of
the bubble N37, we obtained the optical spectra of two
point-like sources (V ∼14 mag) using Grism 7 and Grism
8 of the Hanle Faint Object Spectrograph and Cam-
era (HFOSC; with slit width of 167 µm average spec-
tral resolution is ∼1000) attached to the 2m Himalayan
Chandra Telescope (HCT)1. Corresponding dark and flat
frames were also obtained for dark-subtraction and flat-
field corrections. The reduction of these spectra was per-
formed using a semi-automated PyRAF based pipeline
(Ninan et al. 2014).
2.2. Archival Data
We obtained the multi-wavelength data from the vari-
ous Galactic plane surveys. In the following, we provide
a brief description of these various archival data.
2.2.1. Near-infrared Imaging Data
NIR photometric JHK magnitudes of point-like
sources were collected from the United Kingdom Infrared
Telescope (UKIRT) Infrared Deep Sky Survey (UKIDSS)
Galactic Plane Survey (GPS release 6.0; Lawrence et al.
2007) catalog. The UKIDSS observations were carried
out using the Wide Field Camera (WFCAM; Casali et al.
2007) attached to the 3.8m UKIRT telescope. Spatial
resolution of the UKIDSS images is ∼0.′′8. Only good
photometric magnitudes of point sources in the selected
region were obtained following the conditions given in
Lucas et al. (2008) and Dewangan et al. (2015). Several
bright sources were saturated in the UKIDSS frames.
Hence, the UKIDSS sources having magnitudes brighter
than J = 13.25, H = 12.75 and K = 12.0 mag were
replaced by the Two Micron All Sky Survey (2MASS;
Skrutskie et al. 2006) values.
2.2.2. Near-infrared narrow band image
We retrieved the H2 (1−0) S(1) 2.122 µm continuum-
subtracted image from the UKIRT Wide-field Infrared
Survey for H2 (UWISH2; Froebrich et al. 2011) archive.
These observations were carried out using the WFCAM
(Casali et al. 2007) on the UKIRT.
2.2.3. Near-infrared Polarization Data
The H-band linear polarization data for point sources
(resolution ∼1.′′5) are also used in this study. The
1 https://www.iiap.res.in/iao telescope
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Figure 1. A MIR and FIR view of the region around the bubble N37 (selected area ∼15′×15′; centered at l = 25◦.315, b = 0◦.278). (a) The
position of the bubble (from Churchwell et al. 2006) is highlighted by a red dashed ellipse in the Spitzer 8 µm image. The star a805 (O7II spectral
type; Marco & Negueruela 2011) is highlighted in the figure. Position of the IRAS 18335−0646 is also marked. (b) Three-color composite image
(red: Herschel 70 µm; green: MIPSGAL 24 µm; blue: GLIMPSE 5.8 µm) of the region around the bubble. The MAGPIS 20 cm radio continuum
emission is shown by red contours with levels of 3.5σ, 4σ, 5σ, 6σ, 7σ and 8σ (where, 1σ=0.5 mJy/beam). The ionized emission is distributed inside
the MIR bubble. The black dotted square represents the area of Figure 3. The pillar-like structure and IRDC are also marked in both the panels.
A scale bar corresponds to 2 pc (at a distance of 3 kpc) is also shown in both the images.
polarization observations were performed using the
1.8m Perkins telescope operated by the Boston Univer-
sity and the corresponding data are available in the
Galactic Plane Infrared Polarization Survey (GPIPS;
Clemens et al. 2012) archive. In our analysis, we only
considered sources having good polarization measure-
ments with P/σP ≥ 2.5 (where P is the degree of po-
larization and σP is the corresponding uncertainty) and
Usage Flag (UF) of 1.
2.2.4. Mid-infrared Data
We retrieved the 3.6, 4.5, 5.8 and 8.0 µm images
and photometric magnitudes of point sources from the
Spitzer-Galactic Legacy Infrared Mid-Plane Survey Ex-
traordinaire (GLIMPSE; Benjamin et al. 2003) survey
(spatial resolution ∼2′′). The photometric magnitudes
were obtained from the GLIMPSE-I Spring ’07 highly
reliable catalog. In addition to the GLIMPSE data, the
Multiband Infrared Photometer for Spitzer (MIPS) Inner
Galactic Plane Survey (MIPSGAL; Carey et al. 2005)
images at 24 µm (resolution ∼6′′) and the magnitudes
of point sources at 24 µm (Gutermuth & Heyer 2015)
are also used in the analysis. Some sources, which are
well detected in the 24 µm image, do not have photo-
metric magnitudes in the MIPSGAL 24 µm catalog of
Gutermuth & Heyer (2015). Hence, we separately per-
formed the photometric reduction of 24 µm image of the
N37 region. A detailed procedure of this photometric
reduction can be found in Dewangan et al. (2012).
2.2.5. Far-infrared and millimeter data
In order to construct the dust temperature and column
density maps of the N37 region, we utilized level2 5 pro-
cessed Herschel 70–500 µm images. The beam sizes of
images at 70, 160, 250, 350, and 500 µm are 5.′′8, 12′′, 18′′,
25′′, and 37′′ (Poglitsch et al. 2010; Griffin et al. 2010),
respectively.
We have also obtained the APEX Telescope Large Area
Survey of Galaxy (ATLASGAL; Schuller et al. 2009) 870
µm continuum image (beam ∼19.′′2) and the Bolocam
1.1 mm (Aguirre et al. 2011) image (beam ∼33′′) of the
region around the bubble.
2.2.6. Molecular line data
The 13CO (J=1–0) line data were retrieved from the
Galactic Ring Survey (GRS; Jackson et al. 2006). The
GRS data have a velocity resolution of 0.21 km s−1, an
angular resolution of 45′′ with 22′′ sampling, a main
beam efficiency (ηmb) of ∼0.48, a velocity coverage of
−5 to 135 km s−1, and a typical rms sensitivity (1σ) of
≈ 0.13 K.
2.2.7. Radio continuum data
The Very Large Array (VLA) 20 cm radio continuum
map (beam size ∼6.′′2×5.′′4) of the N37 region was ob-
tained from the Multi-Array Galactic Plane Imaging Sur-
vey archive (MAGPIS; Helfand et al. 2006).
3. MORPHOLOGY OF THE REGION
A detailed understanding of the ongoing physical pro-
cesses in a given star-forming region requires a thorough
and careful multi-wavelength investigation of the region.
In a star-forming region, the spatial distribution of the
ionized, dust, and molecular emission allows us to iden-
tify the H ii regions and cold embedded condensations,
which further help us to infer the physical conditions
of the region. A multi-wavelength picture of the region
around the bubble is presented in Figures 1 and 2. In
Figure 1a, on a larger scale, the 8.0 µm image shows a
pillar-like structure, an IRDC, an IRAS source (IRAS
18335−0646), and the MIR bubble N37. The broken or
incomplete ring morphology of N37 bubble is clearly seen
in the image, as previously reported by Churchwell et al.
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Figure 2. Distribution of the warm and cold dust emission towards the N37 region. The images were obtained from the Spitzer (3.6–24 µm),
Herschel (70–500 µm), ATLASGAL (870 µm), and BOLOCAM (1.1 mm) survey archives. Last two bottom panels show solid contour maps of the
integrated 13CO emission in the velocity ranges of 37–43 and 43–48 km s−1, respectively. The remaining symbols are similar to those shown in
Figure 1.
(2006). Figure 1b shows the spatial distribution of the
warm dust towards the N37 region (RGB map: 70 µm
in red; 24 µm in green; 5.8 µm in blue). The MAGPIS
20 cm radio continuum emission is also overlaid on the
RGB map, which depicts the distribution of the ionized
emission. The periphery of the bubble is dominated by
the 5.8 µm emission and encloses the warm dust as well
as the ionized gas. In general, the polycyclic aromatic
hydrocarbon (PAH) features are seen at 3.3, 6.2, 7.7,
and 8.6 µm and trace a photodissociation region (PDR)
surrounding the ionized gas. Hence, the emission seen
in the 5.8 and 8.0 µm images might be tracing a PDR
towards the N37 bubble.
A longer wavelength view (250–1100 µm) of the re-
gion is presented in Figure 2. The images at 3.6–70 µm
are also shown for comparison with the submillimeter
and millimeter wavelength images. The emission at 250–
1100 µm traces cold dust components (see Section 4.5
for quantitative estimates). The cold dust emission is
mainly seen towards the pillar-like structure and the
IRAS 18335−0646. Note that the ionized emission is
also detected towards the IRAS 18335−0646 (see Fig-
ure 1b). We utilized the GRS 13CO (J=1–0) line data to
infer the physical association of different subregions seen
in our selected region around the bubble N37. Based on
the velocity information of 13CO data, we find that there
are two molecular clouds present in our selected region.
The molecular cloud associated with the bubble (i.e. N37
molecular cloud) is traced in the velocity range of 37–43
km s−1. However, the molecular cloud associated with
the IRAS 18335−0646 (also referred as C25.29+0.31 in
Anderson et al. 2009) is traced in the velocity range from
43 to 48 km s−1. In the last two bottom panels, we show
the velocity integrated 13CO maps of the two clouds seen
in our selected region around the bubble. The integrated
13CO emission map reveals an elongated morphology of
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Figure 3. Photometrically identified OB stars are marked by open
circles and are labeled by numbers (as per their respective serial num-
bers in Table 1) on the Spitzer-IRAC 5.8 µm image. The MAGPIS 20
cm radio contours are also overlaid on the image. Asterisks represent
the sources for which optical spectroscopic observations were performed
(see Figure 4).
the N37 molecular cloud (i.e. velocity range ∼37–43 km
s−1), which hosts the pillar-like structure, an IRDC, and
the bubble N37.
On the other hand, the integrated 13CO map of the
C25.29+0.31 cloud traces a large condensation associated
with the IRAS 18335−0646, as seen in the longer wave-
length continuum images (see Figure 2). Wienen et al.
(2012) also reported the NH3 line parameters such as
NH3(1,1) radial velocity ∼46.13 km s
−1 and kinematic
temperature (Tkin) ∼21.76 K toward the ATLASGAL
condensation associated with the IRAS 18335−0646.
These results suggest that the condensation associated
with the IRAS 18335−0646 is not physically linked with
the bubble N37.
A more detailed analysis of these two molecular clouds
(i.e. N37 molecular cloud and C25.29+0.31) is discussed
in the Section 4.8.
4. RESULTS
In this section, we present the outcomes of our multi-
wavelength analysis in the following way. First, we
present the results related to the identification of ion-
izing source(s) of the region, and then the origin of the
N37 bubble. Next, we present the column density and
the temperature maps of the region to identify the cold
condensations. We have also identified young stellar ob-
jects (YSOs) towards the region, and construct the sur-
face density map of these YSOs to study their spatial
distribution. Finally, we examine the NIR polarization
data and the 13CO molecular line data to examine the
large scale magnetic field morphology and the kinematics
of CO gas, respectively.
4.1. Identification of ionizing candidates
We have seen that the ionized emission is enclosed
within the N37 bubble (see Figure 1b) and two promi-
nent peaks (i.e. peak1 and peak2 shown in Figure 3)
are seen in the radio continuum map. To search for pos-
sible OB type candidates located within the N37 bub-
ble, we performed a photometric method to identify
the probable ionizing candidates of the region, follow-
ing a similar procedure outlined in Dewangan & Ojha
(2013). The analysis was carried out using the NIR
and MIR photometric magnitudes of point sources from
the UKIDSS and GLIMPSE catalogs, respectively. We
only considered the sources located near the radio emis-
sion peaks and detected at least in five photometric
bands among UKIDSS JHK and Spitzer-IRAC 3.6, 4.5
and 5.8 µm bands. Following this condition, a total
of seven sources were identified, and these are marked
and labeled in Figure 3. The extinction to these sources
were estimated assuming intrinsic colors of (J-H)0 and
(H-K)0 for O- and B-stars from Martins & Plez (2006)
and Pecaut & Mamajek (2013), respectively, and using
the extinction law (AJ/AV = 0.284, AH/AV = 0.174,
AK/AV = 0.114) from Indebetouw et al. (2005). The
absolute JHK magnitudes of all these sources were calcu-
lated assuming a distance of 3.0 kpc and were compared
with those listed in Martins & Plez (2006, for O stars),
and Pecaut & Mamajek (2013, for B stars). We found
that two O-type and five B-type stars are located near
the radio peaks within the N37 bubble. All these sources
with their photometric magnitudes and derived spectral
types are listed in Table 1. Note that a single distance
is assumed for all the sources, and the spectral types are
also estimated without considering the photometric un-
certainties of intrinsic colors and observed magnitudes of
these sources. Spectroscopic observations will be helpful
to further confirm the spectral type of these sources (see
Section 4.2).
4.2. Spectroscopy of ionizing candidates
We have carried out optical spectroscopic observations
(4000-7500 A˚) of two brightest photometrically identi-
fied OB stars (see asterisks in Figure 3). The remaining
five sources are beyond the limit of optical spectroscopic
capability of the HCT (V-limit ≃18-mag for spectrum
having signal-to-noise ratio of about 20 with 30 min ex-
posure). The observed spectra of these two sources are
shown in Figure 4. One of these sources (source #1) is
situated near the peak1 (∼10′′) of the 20 cm radio emis-
sion, and the other one (#2) is located ∼36′′ away from
the radio peak1.
Several hydrogen and helium lines are found in both
the spectra (Figures 4a and 4b). The presence of hy-
drogen lines is generally seen in early type sources (O–
A spectral type), however, the existence of He i-ii lines
is not found in A stars (Walborn & Fitzpatrick 1990).
Note that the ionization of helium requires a high tem-
perature generally seen in O-type sources. To confirm
the spectral types of these sources, we further compared
our observed spectra with the available OB stars’ spectra
(Walborn & Fitzpatrick 1990; Pickles 1998). Generally,
spectral lines in the first part of the optical spectrum
(4000-5500 A˚) are used to determine the spectral type
of any source. However, the signal-to-noise ratio of the
first part of both the spectra is not very good, possibly
because of large visual extinction toward the region. A
visual comparison of the observed spectra with the avail-
able library spectra reveals that the source #1 is likely
to be a O9V star, while the other source (#2) is an B0V
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Table 1
Details of the photometrically identified OB stars toward the N37 region.
Sr. RA (J2000) Dec (J2000) J H K [3.6] [4.5] [5.8] [8.0] AV MJ MH MK Sp. Type
No. (hh:mm:ss) (dd:mm:ss) (mag) (mag (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
1 18:36:18.6 -06:39:09 10.17 9.62 9.34 10.17 9.62 9.34 9.24 6.11 -3.95 -3.84 -3.74 O8Va
2 18:36:20.2 -06:38:50 10.41 9.80 9.38 10.41 9.80 9.38 8.15 7.49 -4.10 -3.90 -3.86 O7V-O8Vb
3 18:36:23.3 -06:38:34 15.23 13.44 12.55 15.51 13.53 12.70 11.91 16.20 -1.76 -1.80 -1.67 B2V
4 18:36:19.0 -06:39:24 13.61 12.64 11.92 13.76 12.62 11.93 11.06 11.05 -1.92 -1.70 -1.73 B2V
5 18:36:20.2 -06:39:05 14.12 12.88 12.14 13.73 12.42 11.73 – 12.45 -1.80 -1.70 -1.66 B2V
6 18:36:23.2 -06:39:27 14.52 12.98 12.20 14.42 12.71 11.94 11.38 14.21 -1.90 -1.90 -1.81 B2V
7 18:36:17.4 -06:39:15 15.29 13.18 12.08 15.20 13.04 11.94 11.18 19.77 -2.71 -2.69 -2.56 B1V
a Spectroscopically identified O9V
b Spectroscopically identified B0V
candidate. It can be seen in Section 4.1 that the sec-
ond source was photometrically identified as O7-8V star
possibly because of the assumed distance of 3.0 kpc in
the calculation which might not be true (see next para-
graph).
We have also estimated spectro-photometric distances
to these two sources. The optical BV-band magnitudes
of both the sources were obtained from the American
Association of Variable Stars Observers (AAVSO) Pho-
tometric All-Sky Survey (APASS) catalog (DR9) and
the NIR K-band magnitudes were collected from the
2MASS catalog. To estimate the distance to the O9V
source, we first obtained the intrinsic color of an O9V
star ((V − K)o ∼–0.79) from Wegner (1994). Further-
more, the color excess E(B−V ) was estimated using the
relation E(V −K)/E(B − V ) ∼ 2.826 given in Wegner
(1994). Though it is debatable whether the value of RV
(AV /E(B − V )) is 3.1 all over the Galaxy or is it sub-
stantially different in Galactic star-forming regions (see
Pandey et al. 2003, and references therein), we consid-
ered the mean RV of 3.1 itself for the reddening correc-
tion. Accordingly, the visual extinction of the source was
found to be 6.3 mag. The absolute and apparent V-band
magnitudes of both the sources were obtained from Lang
(1999) and the APASS catalog, respectively. With an ab-
solute V-magnitude of -4.5 and apparent V-magnitude of
14.37, we estimated the distance to the O9V star of 3.1
kpc. Following the similar procedure for the other source
(B0V) with the absolute and apparent magnitudes of -
4.0 and 14.55, respectively, the visual extinction (AV )
was estimated to be 6.4 mag, and the corresponding dis-
tance to the source is 2.7 kpc. Note that large errors (at
least 20%) could be associated with these distance esti-
mates due to photometric uncertainties, and the general
extinction law used in the estimation. However, similar
distances of these sources and the bubble suggest that
they are physically associated with the N37 bubble.
4.3. Radio continuum emission and the dynamical age
The integrated radio continuum flux is used as a tool to
determine the spectral type of the source responsible to
develop the H ii region. The presence of an H ii region is
traced in the MAGPIS 20 cm map (see Figure 1b). The
Lyman continuum flux (photons s−1) required for the
observed radio continuum emission is estimated following
the equation given in Moran (1983):
SLyc = 8×10
43
(
Sν
mJy
)(
Te
104K
)−0.45(
D
kpc
)2 ( ν
GHz
)0.1
(1)
where ν is the frequency of observations, Sν is the to-
tal observed flux density, Te is the electron temperature,
and D is the distance to the source. Here, the region
is assumed to be homogeneous and spherically symmet-
ric, and a single main-sequence star is responsible for
the observed free-free emission. The flux density (Sν)
and the size of the H ii region are determined using the
jmfit task of the Astronomical Image Processing Soft-
ware (AIPS). Typical value of the electron temperature,
Te ∼ 10000 K for a classical H ii region (Stahler & Palla
2005) is adopted in the calculation. The spectral type
of the powering source is finally estimated by comparing
the observed Lyman continuum flux with the theoretical
value for solar abundance given in Smith et al. (2002).
In the MAGPIS 20 cm map, two radio peaks are clearly
evident within the bubble (peak1 and peak2; see Fig-
ure 3), and we estimated the spectral type of the possible
ionizing source for both the peaks separately. The Ly-
man continuum flux for the radio peak1 (Sν ∼ 1.18 Jy;
SLyc ∼ 10
47.95 photons sec−1) corresponds to an ionizing
source having spectral type of O9V, while the ionizing
source corresponding to the radio peak2 (Sν ∼ 0.56 Jy;
SLyc ∼ 10
47.62 photons sec−1) is a B0V star.
As mentioned before (see Sections 4.1 and 4.2), using
the spectroscopy and photometry, we identified three OB
stars (O9V, B1V, and B2V) that are located near the
radio peak1 (see Figure 3). However, the Lyman con-
tinuum flux (Smith et al. 2002) expected together from
solar abundant B1V and B2V stars is about an order less
compared to the O9V star, and therefore, the total flux
is mainly dominated by the O9V star. Hence, it seems
that an O9V star located at a distance of ∼10′′ from the
radio peak1 is the primary ionizing source of the region.
The spectral type of the ionizing source determined from
the radio analysis is consistent with our spectroscopic re-
sults. Toward the radio peak2, we identified a B2V star
using the photometric analysis, however the estimation
from the radio continuum flux shows the ionizing source
to be a B0V star. The spectral type corresponding to
the peak2 estimated using two methods is showing in-
consistency because the photometric determinations of
spectral types may vary substantially depending on the
distance to the source and the photometric accuracy.
We have also determined the dynamical age of the H ii
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Figure 4. Optical spectra of sources #1 (a) and #2 (b) (as marked in Figure 3) observed using the HFOSC mounted on the 2-m HCT.
Several prominent hydrogen and helium lines are detected in both the spectra.
region using the MAGPIS 20 cm data. A massive source
ionizes the surrounding gas, and develop an H ii region.
The ionization front of the H ii region expands until an
equilibrium is achieved between the rate of ionization
and recombination. Theoretical radius of the H ii region
(i.e., Stro¨mgren radius; Stro¨mgren 1939) for a uniform
density and temperature, can be written as:
RS =
(
3SLyc
4pin20β2
)1/3
(2)
where n0 is the initial ambient density, and β2 is the
recombination coefficient. For a temperature of 10,000 K,
the value of β2 is 2.60×10
−13 cm3 s−1 (Stahler & Palla
2005).
A shock front is generated because of the large tem-
perature and pressure gradient between the ionized gas
and the surrounding cold material, and the shock front
is further propagated into the surroundings. The corre-
sponding radius of the ionized region at any given time
can be written as (Spitzer 1978):
R(t) = RS
(
1 +
7cIItdyn
4RS
)4/7
(3)
where the speed of sound in an H ii region (cII) is 11×10
5
cm s−1 (Stahler & Palla 2005) and tdyn is the dynamical
age of the H ii region. The size of the H ii region, i.e.,
R(t), was estimated to be 1.4 pc by using the jmfit task
of the AIPS. Note that the calculated dynamical age can
vary substantially depending on the initial value of the
ambient density. Therefore, we estimated the Stro¨mgren
radius and the corresponding dynamical age for a range
of ambient density starting from 1000 to 10000 cm−3 (e.g.
classical to ultra-compact H ii regions; Kurtz 2002). For
the corresponding densities, the dynamical age varies
from 0.21–0.71 Myr. However, the Stro¨mgren radius and
dynamical age were calculated by assuming the region as
homogeneous and spherically symmetric. Hence, the dy-
namical age of the H ii region should be considered as a
representative value (see Section 5 for more discussion).
4.4. Origin of the bubble
In Figure 5a, we present the continuum-subtracted H2
emission (2.122 µm) map toward the bubble N37, which
traces the edges of the bubble. The H2 features have sim-
ilar morphology as seen in the Spitzer-GLIMPSE images.
The H2 emission in a given star-forming region is origi-
nated in the shocked region developed at the interface of
the ionized and cold matter. From the distribution of H2
emission, 8.0 µm emission and the ionized emission (see
Figure 2), it is evident that the emission seen in the nar-
row H2-band is tracing the PDR towards the N37 region.
Possibly, the H2 emission is originated in the shocked re-
gion developed due to the expansion of the ionized gas.
Ratio maps of Spitzer-IRAC images have ability to pro-
vide the information about the interaction of massive
star(s) with its surrounding environment (Povich et al.
2007; Dewangan et al. 2012; Dewangan & Ojha 2013).
Note that the Spitzer-IRAC bands contain several promi-
nent characteristic atomic and molecular lines. For ex-
ample, IRAC Ch1 contains a PAH feature at 3.3 µm
as well as a prominent molecular hydrogen line at 3.234
µm (ν = 1–0 O(5)). IRAC Ch2 also contains a molecu-
lar hydrogen emission line at 4.693 µm (ν = 0–0 S(9))
generally excited by outflow shocks, and a hydrogen re-
combination line Brα (4.05 µm). Figure 5b shows the
IRAC Ch2/Ch1 ratio map of the N37 region, which re-
veals the bright emission region surrounded by the dark
features. In general, the dark regions in the 4.5 µm/3.6
µm ratio map traces the excess 3.6 µm emission, while
the bright emission region suggests the domination of
4.5 µm emission. The bright emission region in the ra-
tio map is very well correlated with the radio continuum
emission. Therefore, it seems that this bright emission
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Figure 5. (a) Inverted continuum-subtracted H2-band (ν = 1–0 S(1)
at 2.122 µm) image of the N37 region. (b) Spitzer-IRAC Ch2/Ch1
ratio map of the N37 region. In the ratio map, the bright emission
region is traced by contours. The interior of the bubble is traced with
ratio greater than 1.1, while the periphery of the bubble is traced with
ratio less than 0.8.
region probably traces the Brα feature originated by the
photoionized gas. The dark features in the ratio map
are also well correlated with the 2.122 µm H2 emission,
indicating that the ratio map probably traces the H2 fea-
tures (see Figures 5a and 5b). However, it must be noted
that the Ch1 also contains 3.3 µm PAH emission feature
which may also contribute to the dark features seen in
the ratio map. Overall, we found that the IRAC ratio
map and the continuum-subtracted H2 image trace PDR
around the H ii region.
Massive stars can influence their parent molecular
clouds via different feedback components - (i) pressure
due to radiation (Prad), (ii) pressure due to Hii region
(PHII), and (iii) pressure due to wind (Pwind). It is im-
portant to determine the strongest pressure component
of massive stars in order to have a better knowledge of
the feedback mechanisms. Pressure due to radiation can
be formulated as Prad = Lbol/4picD
2
s , where Lbol is the
bolometric luminosity and DS is the distance from the
star to the region of interest. Similarly, the pressures
due to the H ii region and stellar wind can be written
as PHII = µmHC
2
II
(
3NUV /4piβ2D
3
S
)1/2
and Pwind =
M˙wVw/4piD
2
S, respectively, where the mean molecular
weight in an H ii region, µ=0.678 (Bisbas et al. 2009),
CII is the sound speed in an H ii region = 11 km s
−1,
β2 is a recombination coefficient = 2.6×10
−13 cm3 s−1,
NUV is the number of UV photons, M˙w is the mass-loss
rate of the source, Vw is the terminal velocity of the stel-
lar wind (see Bressert et al. 2012, for more details about
these formulas). All the pressure components were esti-
mated at a distance of ∼1 pc which is the nearest edge
of the bubble from the massive O9V star.
The pressure exhibited by the H ii region with NUV ∼
1048.12 photons sec−1 (i.e., total Lyman continuum for
both the radio continuum peaks; see Section 4.3) is es-
timated to be 2.8×10−10 dyne cm−2. For the estima-
tion of Prad, the bolometric luminosities of all seven OB
stars within the bubble were obtained from Lang (1999)
and the total radiation pressure exhibited by all these
OB stars is found to be 1.8×10−10 dyne cm−2. To esti-
mate the combined Pwind from all the seven OB stars,
the wind speed and the mass-loss rate for the O9V star
were obtained from Muijres et al. (2012) (Vw ∼1000 km
s−1; M˙w ∼10
−7.8M⊙ yr
−1). The corresponding values
for B0V, B1V and B2V stars (Vw ∼1000, 700 and 700
km s−1; M˙w ∼10
−9.3, 10−9.4; 10−9.7 M⊙ yr
−1, respec-
tively) were obtained from Oskinova et al. (2011). The
combined pressure due to the wind (Pwind) from all the
seven OB stars comes out to be 5.1×10−12 dyne cm−2.
The estimation of different pressure components infers
that the pressure due to the ionized gas (i.e, H ii region)
is the predominant component. However, there is also
a substantial radiation pressure contributed together by
all the OB stars. Note five out of seven of these OB
stars not only lack of spectroscopic confirmations, but
also association of them with the N37 bubble is uncer-
tain. Therefore, the calculated values of the pressure due
to the radiation and the stellar wind should be treated
as upper limits. From the overall analysis it seems that a
shock-front has been developed due to the expansion of
the H ii region which excites the H2 emission as well as
PAH emission. Our results indicate that the N37 bubble
is possibly originated due to the ionizing feedback of the
massive stars.
4.5. Column density and temperature maps
We have constructed the column density and the tem-
perature maps of the region using Herschel images to
probe the condensations and the distribution of cold mat-
ter. A pixel-by-pixel modified blackbody fit was per-
formed to the cold dust emission seen in the Herschel
160, 250, 350 and 500 µm images. The 70 µm image
was not considered in our analysis because a substantial
part of the 70 µm flux comes from the warm dust. Be-
fore performing the fit, all the images were convolved to
the lowest resolution of 37′′ (beam size of the 500 µm
image) and converted to the same flux unit (Jy pixel−1).
For better estimation of the source flux, we subtracted
the corresponding background flux from each image (see
Mallick et al. 2015, for more detail). Background flux
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was estimated in a relatively dark region (l = 24◦.60, b =
1◦.00; area: 10′×10′) away from our selected target, and
corresponding fluxes are -2.202, 1.328, 0.693 and 0.252
Jy pixel−1 for 160, 250, 350 and 500 µm images, respec-
tively.
Finally, the pixel-by-pixel basis modified black-
body fitting was performed by using the for-
mula (Battersby et al. 2011; Sadavoy et al. 2012;
Nielbock et al. 2012; Launhardt et al. 2013):
Sν(ν) − Ibg(ν) = Bν(ν, Td)Ω(1− e
−τ(ν)) (4)
where optical depth can be written as:
τ(ν) = µH2mHκνN(H2) (5)
Different symbols in the above equations are as follows -
Sν(ν): observed flux density, Ibg: background flux den-
sity, Bν(ν, Td): Planck’s function, Td: dust temperature,
Ω: solid angle subtended by a pixel, µH2 : mean molec-
ular weight, mH : mass of hydrogen, κν : dust absorp-
tion coefficient, and N(H2): column density. Here, we
used Ω = 4.612×10−9 steradian (i.e. for 14′′×14′′ area),
µH2 =2.8 and κν =0.1 (ν/1000 GHz)
β cm2 g−1, the gas-
to-dust ratio of 100, and the dust spectral index β=2
for sources with thermal emission in the optically thick
medium (Hildebrand 1983).
The final column density and temperature maps of
the 15′×15′ area of the N37 region are shown in Fig-
ures 6a and 6b, respectively. Several condensations
are seen towards the region. The ‘clumpfind’ software
(Williams et al. 1994) has been used to identify the
clumps and to measure the total column density in each
clump. The mass of a clump is estimated using the for-
mula (Mallick et al. 2015):
Mclump = µH2mHAreapixΣN(H2) (6)
where µH2 =2.8, Areapix is the area subtended by one
pixel, and ΣN(H2) is the total column density of the
clump obtained using the ‘clumpfind’. A total of 17
clumps are identified toward the 15′×15′ area of the
N37 region (see Figure 6). However, based on the inte-
grated CO maps (see Figure 2), we find only five clumps
(i.e. C2–5 and C10, in Figure 6) associated with the
N37 molecular cloud, and the remaining clumps appear
to be associated with the C25.29+0.31 molecular cloud.
In the present work, our analysis is focused on the N37
molecular cloud, and hence, we do not discuss the results
of the C25.29+0.31 cloud. In the N37 molecular cloud,
the five associated clumps (i.e. C2–5 and C10; Mclump
from ∼1350–2150M⊙) are having temperatures and den-
sities in the range from ∼22–23 K and ∼7.2–9.5 × 1021
cm−2 (corresponding AV ∼8.0–10.0 mag), respectively.
Here, to estimate the visual extinction, we use the rela-
tion 〈N(H2)/AV 〉 = 0.94 × 10
21 molecules cm−2 mag−1
(Bohlin et al. 1978).
4.6. Young stellar population
The study of YSOs in a given star-forming region al-
lows to characterize the area of the ongoing star for-
mation. Hence, we have carried out identification of
YSOs using the NIR andMIR color-magnitude and color-
color schemes. A more elaborative description of these
schemes is given below.
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Figure 6. Herschel (a) column density and (b) temperature maps
of the selected area around the N37 bubble. Several identified cold
condensations are also marked (⋄) in both the maps.
4.6.1. Selection of YSOs
Four different schemes are employed to identify and
classify the YSOs for the selected 15′×15′ area around
the N37 region.
1. Young sources are known to be a strong emitter at
MIR bands, while they are still embedded in their parent
molecular clouds and cannot be seen in the optical/NIR
bands. Hence, MIR photometric criteria allow us to iden-
tify sources at a very early phase. We cross-matched
the sources that have detections in both the MIPSGAL
24 µm and Spitzer-IRAC/GLIMPSE 3.6 µm bands, and
constructed a color-magnitude diagram ([3.6]−[24]/[3.6])
to identify the YSOs, following the color criteria given in
Guieu et al. (2010) and Rebull et al. (2011). A total of
100 sources are found that are common in the 3.6 and
24 µm bands. The color-magnitude diagram of these
sources is shown in Figure 7a. Different classes of YSOs
are marked by distinct symbols and are separated by
black dashed-lines. The boundaries for other contami-
nants like disk-less stars and galaxies are also marked
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Figure 7. YSO selection schemes using the MIR and NIR color-color and color-magnitude criteria. (a) Color-magnitude diagram ([3.6]−[24]/[3.6])
of the sources seen toward the N37 region. In the diagram, the selected sources are classified into different classes following the color criteria described
in Guieu et al. (2010) and Rebull et al. (2011). Sources at different classes are marked with different symbols: Class I (red circle), Flat spectrum
(green pentagon), Class II (blue squares) and Class III (black triangles). An extinction vector for AK =5 mag is also shown in the diagram. (b)
Color-color diagram ([5.8]−[8.0]/[3.6]−[4.5]) of the sources that are detected in all the four Spitzer-IRAC bands. The sources are classified after
removing possible contaminants based on the classification schemes of Gutermuth et al. (2009) (see text for more details). (c) Color-color diagram
([4.5]−[5.8]/[3.6]−[4.5]) of the sources detected in the first three Spitzer-IRAC bands (except 8 µm). The color criteria for this classification were
obtained from Hartmann et al. (2005) and Getman et al. (2007). (d) Color-magnitude diagram (H−K/K) of all the sources detected in H and K
bands. A cutoff H−K color value (i.e. 1.8 mag) was obtained from a nearby reference field (15′ × 15′ area centered at l = 25◦.372, b = 0◦.676).
by a green dashed curve, following the criteria given in
Guieu et al. (2010). Using this scheme, a total of 19
Class I, 12 Flat-spectrum, 22 Class II, and 36 Class III
sources were identified.
2. There are several sources that are not seen in the
MIPSGAL 24 µm image, but detected in the Spitzer-
IRAC/GLIMPSE bands (3.6, 4.5, 5.8, and 8.0 µm).
Hence, the color-color diagram ([5.8]−[8.0])/([3.6]−[4.5])
of the sources detected in all four IRAC bands was used
to identify the additional YSOs (see Figure 7b). Possi-
ble contaminants (such as broad-line active galactic nu-
clei, PAH-emitting galaxies and shock emission knots)
were removed from the sample using the criteria given in
Gutermuth et al. (2009). The selected YSOs were clas-
sified into different evolutionary stages using the slopes
of the Spitzer-IRAC/GLIMPSE spectral energy distribu-
tion (SED) (i.e. αIRAC) measured from 3.6 to 8.0 µm
(see Lada et al. 2006, for more details). Finally, using
this scheme, we identified a total of 20 Class I and 99
Class II YSOs.
3. Due to prominent nebulosity seen in the IRAC
8.0 µm band, there are several sources that are not
detected in the 8.0 µm image, but identified in other
three GLIMPSE-IRAC bands (3.6, 4.5, and 5.8 µm).
Hence, the color-color diagram ([3.6]−[4.5]/[4.5]−[5.8])
was constructed to identify the additional YSOs (see
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Figure 7c). The sources that follow [4.5]−[5.8] ≥ 0.7
mag and [3.6]−[4.5] ≥ 0.7 mag are classified as proto-
stars (Hartmann et al. 2005; Getman et al. 2007). Using
this scheme, a total of 17 protostars were identified in
the region around the bubble.
4. Presence of circumstellar material makes YSOs
to appear much redder than the nearby field stars in
the NIR color-magnitude diagram. Hence, we also used
NIR color-magnitude diagram (H−K/K) to identify ad-
ditional YSOs toward the N37 region. The H − K
color cut-off of 1.8 was estimated by constructing the
color-magnitude diagram (H−K/K) of a nearby field re-
gion (size∼15′×15′ area centered at l = 25◦.372; b =
0◦.676). This color cut-off differentiate the field stars
from the sources having large NIR excess. The NIR color-
magnitude diagram of the sources is shown in Figure 7d.
Using the NIR scheme, we identified a total of 1203 red
sources that could be presumed as YSOs.
There could be overlap of YSOs identified using these
four different schemes. In order to have a complete cat-
alog, YSOs identified using different schemes were cross-
matched. Finally, a total of 29 Class I, 12 Flat spectrum,
99 Class II, 973 Class III YSOs, and 1066 red sources are
identified toward the N37 region.
4.6.2. Surface density analysis of YSOs
In order to examine how the YSOs are clustered in the
region around the bubble, a nearest-neighbor (NN) sur-
face density analysis of YSOs was performed following
the method given in Schmeja et al. (2008) and Schmeja
(2011). Using Monte Carlo simulations, Schmeja et al.
(2008) showed that the 20NN surface density is capa-
ble to detect clusters with 10–1500 YSOs. Hence, the
20NN surface density analysis of YSOs was performed
using a grid size of 6.′′9 which corresponds to 0.1 pc at
a distance of 3 kpc. Figure 8 shows the surface density
contours of YSOs overlaid on the Herschel 500 µm im-
age. The contour levels are drawn at 15, 18, 22, 27, and
30 YSOs pc−2. The positions of all the clumps identi-
fied in the Herschel column density map are also marked
on the image. The YSO clusters are found toward the
IRDC, the clump C1 and the pillar-like structure, and
many of these YSO clusters are associated with peaks
having more than 27 YSOs pc−2 (see Figure 8). It is
already mentioned before that the clump C1 is part of
the C25.29+0.31 cloud and is not associated with the
N37 molecular cloud. Therefore, the clusters of YSOs lo-
cated towards the clump C1 might not have any physical
association with the N37 bubble.
4.6.3. Spectral Energy Distribution of selected YSOs
In order to infer the physical properties of YSOs (e.g.,
mass, age), the SED modeling of a few selected YSOs was
performed using the SED fitter tool of Robitaille et al.
(2006, 2007). The grids of YSO models were com-
puted using the radiation transfer code of Whitney et al.
(2003a,b), which assumes an accretion scenario for a pre-
main sequence central star, surrounded by a flared ac-
cretion disk and a rotationally flattened envelope with
cavities. The model grid has 20,000 SED models from
Robitaille et al. (2006), estimated using two-dimensional
radiative transfer Monte Carlo simulations. Each YSO
model gives the output SEDs for 10 inclination angles
with masses ranging from 0.1–50 M⊙. The fitter tool
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Figure 8. Overlay of 20NN surface density contours (green) on the
Herschel SPIRE 500 µm image. The background 500 µm image is
similar to the one shown in Figure 2. The surface density contours
of YSOs are drawn at 15, 18, 22, 27, and 30 YSO pc−2. The YSOs’
clusters are seen toward the pillar, the IRDC, and the clump C1.
tries to find the best possible match of YSO models for
the observed multi-wavelength fluxes followed by a chi-
square minimization. The distance to the source and in-
terstellar visual extinction (AV) are used as free param-
eters. We performed the SED modeling of those YSOs
that have fluxes at least in five filter bands (among NIR
JHK and Spitzer-IRAC bands), in order to constrain the
diversity of the modeling parameters. Accordingly, a to-
tal of 81 YSOs were selected for the SED fitting. In the
models, we used the AV in the range from 0–50 mag
and the distance ranging from 2–4 kpc. For each YSO,
only those models were selected which follow the crite-
rion: χ2 – χ2best < 3, where χ
2 is taken per data point.
Note that the output parameters for each YSO are not
unique because several models can satisfy the observed
SED. Hence, the weighted mean values were computed
for all the model fitted parameters for each YSO. In Ta-
ble 2, we have listed, the right ascension (J2000), decli-
nation (J2000), the weighted mean values of the stellar
age, stellar mass, total luminosity, extinction and evo-
lutionary class for a sample of 6 YSOs. The complete
table of 81 YSOs is available online in machine readable
format.
4.7. Near-infrared H-band polarization
The polarization of background starlight is often used
to study the projected plane-of-the-sky magnetic field
morphology. The polarization vectors of background
stars allow to trace the field direction in the plane
of the sky parallel to the direction of polarization
(Davis & Greenstein 1951).
NIR polarization data of point sources towards the N37
region were obtained from the GPIPS (see Clemens et al.
2012, for more details) and were covered in several
fields i.e., GP0608, GP0609, GP0610, GP0622, GP0623,
GP0624, GP0635, GP0636, GP0637, GP0649, GP0650,
GP0651. A total of 375 sources with reliable polariza-
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Table 2
Physical parameters of selected YSOs derived from the SED modeling.
RA (J2000) Dec (J2000) Log (Age) Mass log (Ltot) AV Class
(hh:mm:ss) (dd:mm:ss) (yr) (M⊙) (L⊙) (mag)
18:35:58.8 -06:43:18 5.52±0.51 2.11±1.00 1.70±0.16 11.49±4.41 Class II
18:36:17.7 -06:45:41 5.55±0.72 1.54±1.32 1.62±0.24 3.74±2.18 Class II
18:36:20.0C -06:44:21 4.84±0.55 2.17±1.26 1.59±0.19 33.99±15.19 Class I
18:36:24.9B -06:39:41 6.37±0.42 4.97±0.91 1.81±0.13 3.86±2.01 Class II
18:36:25.5B -06:39:46 5.48±0.60 3.94±0.91 1.53±0.28 0.73±1.12 Class I
18:36:36.1P -06:37:51 5.64±0.43 2.22±0.98 1.66±0.20 2.63±1.50 Class II
B YSOs located toward the N37 bubble
C YSOs located toward C1
P YSOs located toward the pillar
tion measurements were identified in the 15′×15′ area
towards the N37 region using the criteria of P/σP ≥ 2.5
and UF of 1. In Figure 9a, we show a color-color dia-
gram (H−K vs. J −H) of the selected sources and find
that the majority of the sources are either reddened gi-
ants or main-sequence stars. Hence, it is evident from the
NIR color-color diagram that the majority of stars are lo-
cated behind the N37 molecular cloud. The histograms of
the degree of polarization and the corresponding Galac-
tic position angles are also shown in Figures 9b and 9c,
respectively, which show that the majority of the sources
have degree of polarization and position angle of about
1.5% and ∼60◦, respectively. If it is considered that the
dust components responsible to polarize the background
starlight are aligned along the magnetic field lines, then
the corresponding plane-of-sky component of the mag-
netic field is oriented at a position angle of ∼60◦.
The polarization vectors overlaid on the velocity inte-
grated 13CO map are shown in Figure 10a. To examine
the average distribution of NIR H-band polarization, the
mean degree of polarization vectors superimposed on the
Spitzer 8 µm image are shown in Figure 10b. In order to
study the mean polarization, our selected 15′×15′ spa-
tial area was divided into 225 grids having 1′×1′ area for
each grid and the mean polarization value for each grid is
computed using the average Q and U Stokes parameters
of all the H-band sources located inside that particular
grid. Using the H-band polarization data, one cannot
trace the morphology of the plane-of-the-sky projection
of the magnetic field toward the dense clumps, where ex-
tinction is generally high enough for a background source
to be detected in the NIR H-band.
4.8. Distribution and kinematics of molecular gas
The GRS 13CO (J=1–0) line data were utilized to ex-
amine the distribution and kinematics of the molecular
gas towards the N37 bubble. Additionally, the velocity
information of gas inferred from the 13CO data is used to
know the physical association of different subregions seen
in the selected region around the bubble. The integrated
GRS 13CO (J=1−0) velocity channel maps (at intervals
of 1 km s−1) are shown in Figure 11, tracing different
subregions along the line of sight. As mentioned before
from the 13CO profile that the molecular cloud associ-
ated with the bubble N37 (i.e., N37 molecular cloud) is
depicted in the velocity range from 37–43 km s−1. In this
velocity range, three condensations (see last panel of Fig-
ure 11 for C2, C3, and C4) located towards the pillar-like
structure are well detected in the channel maps. The in-
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Figure 9. (a) NIR color-color diagram (J-H/H-K) of the GPIPS
sources with P/σP ≥ 2.5. The solid green and blue curves are
the unreddened loci of main-sequence dwarf stars and giants (from
Bessell & Brett 1988) respectively. The blue dashed line shows the lo-
cus of Classical T Tauri (CTTS) obtained from Meyer et al. (1997).
Three parallel black dashed lines are the reddening vectors drawn from
the base of the main-sequence locus, from the turning point of the
main-sequence locus, and from the tip of the CTTS locus, using the
reddening laws from Cohen et al. (1981). The sources in the ‘F’ region
are generally evolved field stars, while the sources in the ‘T’ region
are mainly Class II YSOs, and the sources in the ‘P’ region are con-
sidered as Class I YSOs (see Ojha et al. 2004, for more details). The
color-color diagram implies that sources with P/σP ≥2.5 are mainly
reddened background main-sequence and giant stars. (b) Histogram of
the degree of polarizations and (c) histogram of the Galactic position
angles of all the sources with P/σP ≥2.5 toward the N37 region.
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Figure 10. (a) NIR H-band polarization vectors (red lines) of all the
sources with P/σP ≥ 2.5, overplotted on the velocity integrated
13CO
map. (b) Mean H-band polarization vectors (for a grid size of 1′×1′)
overplotted on the Spitzer 8 µm image.
tegrated GRS 13CO intensity map for the C25.29+0.312
was previously reported by Anderson et al. (2009) having
Vlsr of ∼45.9 km s
−1 with a velocity range of ∼43–48 km
s−1. Based on the CO velocity profile and channel maps
(Figure 11), we infer that two nearby but distinct molec-
ular clouds (i.e. N37 molecular cloud and C25.29+0.31)
are present in our selected area of analysis. Hence, there
could be a possibility for physical interaction between
these two nearby molecular clouds.
Note that the position-velocity analysis of these clouds
is not yet explored. Figure 12a shows an integrated ve-
locity map (37–43 km s−1) of the region around the bub-
ble N37, which reveals the physical association of molec-
ular condensations with the N37 molecular cloud. In
general, the position-velocity plots of the molecular gas
are often used to search for any expansion of gas and/or
outflow activity within a given cloud (e.g., Arce et al.
2 http://www.bu.edu/iar/files/script-
files/research/hii regions/region pages/C25.29+0.31.html
2011; Dewangan et al. 2016). The position-velocity di-
agrams of 13CO gas associated with the N37 cloud are
shown in Figures 12c and 12e. The positions of the mas-
sive OB stars and the condensations are also marked in
the position-velocity diagrams. The velocity gradients
are evident toward the condensations C2, C3, and C4,
which can be indicative of the outflow activities within
each of them. Note that the angular resolution of the
13CO data (45′′) is coarse therefore we cannot further
explore the outflow activity within these condensations.
Additionally, an inverted C-like structure appears in Fig-
ure 12c (follow the marked curve) and the massive OB
stars are located near the center of the structure. Such
structure is indicative of an expanding shell associated
with the H ii region in the bubble N37 (e.g., Arce et al.
2011; Dewangan et al. 2016). The study of 13CO line
data suggests the presence of molecular outflow(s) and
the expanding H ii region with an expansion velocity of
∼2.5 km s−1. This expansion velocity corresponds to the
half of the velocity range for the inverted C-like structure
seen in the position-velocity diagram.
The integrated velocity map for a larger velocity
range (37–48 km s−1), which covers both the N37
and C25.29+0.31 molecular clouds, is presented in Fig-
ure 12b. We have also constructed the position-velocity
diagrams of 13CO gas in the corresponding velocity range
(see Figures 12d and 12f). In Figures 12d and 12f, we
find that the red-shifted component (43–48 km s−1) and
the blue-shifted component (37–43 km s−1) are well sep-
arated by a lower intensity intermediated velocity emis-
sion, which is referred as a broad bridge feature. This
feature in the position-velocity diagram is generally seen
at the interface of the colliding molecular clouds (see
Haworth et al. 2015a,b, for more detail). The implica-
tion of this feature is presented in the discussion section
(Section 5).
5. DISCUSSION
As mentioned before, there are two molecular clouds
(i.e. N37 molecular cloud and C25.29+0.31) present
in the region around the bubble. The position-velocity
analysis of the molecular gas towards these clouds re-
veals a broad bridge-like feature. This bridge-like feature
is indicative of a cloud-cloud collision (Fukui et al. 2014;
Haworth et al. 2015a,b; Torii et al. 2015). These authors
also suggested that the collision between two molecular
clouds can be a potential mechanism to trigger the for-
mation of massive stars. Very recently, observational ev-
idences of the cloud-cloud collision and the formation of
massive stars through this process have been reported in
the Galactic star-forming regions RCW120 (Torii et al.
2015) and RCW 38 (Fukui et al. 2016).
According to Habe & Ohta (1992) and Torii et al.
(2015), a collision between two non-identical clouds can
produce a dense layer at the interface of these clouds
and can create a cavity in the large cloud (see Figure
12 of Torii et al. 2015). The compressed dense layer
has the ability to develop the dense cores, which can
subsequently form massive stars. After the formation
of massive stars, their strong UV radiation can ion-
ize the surrounding gas and develop an H ii region.
Torii et al. (2015) suggested that the cloud-cloud colli-
sion has formed an O-type star in the RCW 120 re-
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Figure 11. The 13CO(J =1−0) velocity channel contour maps of the N37 region. The velocity range (in km s−1) is indicated in the bottom left
corner of each panel. The contours are drawn at 10, 20, 40, 55, 70, 85 and 98% of the peak value, which is also written in the bottom right corner
of each panel. Other marked symbols and labels are same as Figures 3 and 6.
gion, and made it to appear as a broken bubble. It is
mentioned before that the N37 molecular cloud hosts a
pillar-like structure, IRDC, and the MIR bubble N37.
The cloud also harbors YSOs clusters that are associ-
ated with the IRDC and pillar-like structure. It is possi-
ble that the cloud-cloud collision has influenced the star
formation within the N37 molecular cloud (including the
IRDC, OB stars, and the pillar-like structure). The mas-
sive OB stars might have formed due to a similar forma-
tion mechanism as it is reported for RCW 120. With
time, the massive OB stars developed an H ii region and
the MIR bubble morphology appears to be originated
due to the expansion of the photoionized gas (see Sec-
tion 4.4). It is also possible that the collision between
two molecular clouds might have developed the broken
cavity and that is why the N37 bubble has appeared with
a broken structure. However, we do not have enough ob-
servational evidences to firmly conclude about the origin
of the broken feature of the N37 bubble.
We calculated the dynamical age of the H ii region
(tdyn) towards the N37 bubble to be ≈0.7 Myr for an
ambient density of 10000 cm−3 (see Section 4.3). In gen-
eral, the average ages of Class I and Class II YSOs are
∼0.44 Myr and ∼1–3 Myr (Evans et al. 2009), respec-
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Figure 12. The distribution of molecular gas toward the N37 molecular cloud and the cloud associated with IRAS 18335−0646/C1 clump. a) A
contour map of integrated 13CO emission in the velocity range of 37 to 43 km s−1. b) A contour map of integrated 13CO emission in the velocity
range of 37 to 48 km s−1. In the top two panels, four largest condensations seen in the Herschel column density map are also marked by diamond
symbols. The positions of IRAS 18335−0646 (hexagon) and an O7II type source (a805; marked by an X symbol) are also highlighted in the top
two panels. c) Latitude-velocity map of 13CO in the velocity range of 37 to 43 km s−1. An inverted C-like structure is evident and is marked by a
brown curve. d) Latitude-velocity map of 13CO in the velocity range of 37 to 48 km s−1. e) Longitude-velocity map of 13CO in the velocity range
of 37 to 43 km s−1. f) Longitude-velocity map of 13CO in the velocity range of 37 to 48 km s−1. The molecular cloud associated with the bubble
is traced in the velocity range of 37 to 43 km s−1. The cloud associated with the IRAS 18335−0646/C1 clump is depicted in the velocity range of
43 to 48 km s−1. The position-velocity diagram suggests the possibility of interaction between the N37 molecular cloud and the cloud associated
with the C1 clump region (see text for more details). In all the position-velocity plots, the positions of ionizing star and condensations (associated
with the N37 cloud) are shown by broken lines.
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tively. Considering these ages, it is unlikely that the star
formation in the N37 cloud has been triggered by the ex-
pansion of the H ii region. For further confirmation, we
determined the average ages of YSOs toward the bubble,
the pillar and the clump C1 which is, however, part of
C25.29+0.31 molecular cloud. The distribution of Class
I and Class II YSOs overplotted on the 8 µm image are
shown in Figure 13a. A total of 13, 7 and 10 YSOs are
found to be situated toward the N37 bubble, the pillar
and the C1, respectively, for which the SED modeling
was performed (see Figure 13b). Corresponding mean
ages of these YSOs are estimated to be 1.0, 0.7 and 0.7
Myr, respectively, which are comparable to the dynam-
ical age of the H ii region of 0.7 Myr. For a triggered
star formation to occur the mean ages of YSOs should
be less compared to the dynamical age of the H ii region.
However, the mean ages are associated with large stan-
dard deviations (∼0.5 Myr) and hence, it is not possible
to make a definite conclusion from this analysis.
We have also plotted the cumulative distribution of
ages of YSOs toward the bubble, C1, and the pillar (see
Figure 13c). It can be seen in the cumulative distribu-
tions of the ages that the majority of the YSOs (at least
∼60%) located towards the pillar are younger than the
YSOs towards the bubble and C1. Hence, the formation
of stars towards the pillar and C1 might have started
later than the bubble. Though the YSOs associated with
the pillar and the C1 are younger than the YSOs towards
the bubble, the dynamical age of the H ii region is not
consistent enough to conclude whether they have formed
due to the influence of bubble/massive OB stars. Note
that in this paper we do not discuss results related to
the C25.29+0.31 cloud, which hosts the clump C1, the
IRAS 18335−0646, and the star a805 (an O7II spectral
type) (see Marco & Negueruela 2011). It should be men-
tioned here that the pillars are generally assumed to be
potential sights of triggered star formation (Klein et al.
1980; Elmegreen 2011), and young stars are expected to
appear at the tip of the pillars (Hester & Desch 2005). A
few Class I and Class II YSOs are found to be associated
with the pillar (see Figure 13a) and these YSOs might
have formed by some other mechanisms than triggered
by the OB stars or H ii region.
It can be noticed in Figure 10b, even though the mean
polarization position angles are generally uniform at a
Galactic position angle of ∼60o throughout the region,
random changes in the polarization position angles are
noticed near the interface of the N37 molecular cloud and
the clump C1 which is part of the C25.29+0.31 molecular
cloud. We suggest that this change in the polarization
position angles can be explained by a distortion of gas
due to the collision between these two molecular clouds.
Overall, this region correlates well with the observa-
tional signatures proposed for the cloud-cloud collision
process. In addition to the formation of OB stars, the
cloud-cloud collision might have also triggered the forma-
tion of several other YSO clusters in the N37 molecular
cloud.
6. CONCLUSIONS
We performed a multi-wavelength analysis of the
Galactic MIR bubble N37 and its surrounding environ-
ment. The aim of this study is to investigate the physical
environment and star formation mechanisms around the
bubble. The main conclusions of this study are the fol-
lowing.
1. In the selected 15′ × 15′ region around the MIR
bubble N37, two molecular clouds (N37 molecular cloud
and C25.29+0.31) are present along the line of sight. The
molecular cloud associated with the bubble (i.e. N37
molecular cloud) is depicted in the velocity range from
37 to 43 km s−1, while the C25.29+0.31 cloud is traced
in the velocity range from 43 to 48 km s−1. The N37
molecular cloud appears to be blue-shifted with respect
to the C25.29+0.31 cloud.
2. Using photometric criteria, we find a total of seven
OB stars within the N37 bubble, and spectroscopically
confirmed two of these sources as O9V and B0V stars.
The physical association of these sources with the N37
bubble is also confirmed by estimating their spectro-
photometric distances. The O9V star is found as the
primary ionizing source of the region. This result is in
agreement with the Lyman continuum flux analysis using
the 20 cm data.
3. Several molecular condensations surrounding the
N37 bubble are identified in the Herschel column density
map. The physical association of these condensations
with the N37 bubble is inferred using the molecular gas
distribution as traced in the integrated 13CO (J=1–0)
map. Surface density analysis of the identified YSOs re-
veals that the YSOs are clustered toward these molecular
condensations.
4. The mean ages of YSOs located in different parts
of the region indicate that it is unlikely that these YSOs
are triggered by energetics of the OB stars present within
the bubble. This interpretation is supported with the
knowledge of the dynamical age of the H ii region.
5. The position-velocity analysis of 13CO data shows
that two clouds (N37 molecular cloud and C25.29+0.31)
are interconnected with a lower intensity emission known
as broad bridge structure. The presence of such feature
suggests the possibility of interaction between the N37
molecular cloud and the C25.29+0.31 cloud.
6. The position-velocity analysis of 13CO emission also
reveals an inverted C-like structure, suggesting the signa-
ture of an expanding H ii region. Based on the pressure
calculations (PHII , Prad, and Pwind), the photoionized
gas associated with the bubble is found as the primary
contributor for the feedback mechanism in the N37 cloud.
Possibly the expanding H ii region is responsible for the
origin of the MIR bubble N37.
7. The collision between two clouds (i.e. N37 molecular
cloud and C25.29+0.31) might have changed the unifor-
mity of the molecular cloud which is depicted by a slight
change in the polarization position angles of background
starlight.
8. The collision between the N37 molecular cloud and
the C25.29+0.31 cloud might have triggered the forma-
tion of massive OB stars. This process might also have
triggered the formation of YSOs clusters in the N37
molecular cloud.
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Figure 13. (a) Class I (red circles) and Class II (green squares) YSOs are overplotted on the Spitzer-IRAC 8 µm image of the N37 region.
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rectangles), for which the SED analysis was performed (see text for more details). In each selected region, the average age of YSOs is also shown.
(c) Cumulative distributions of ages of YSOs toward the bubble, the pillar and the clump C1 are shown by blue, black and red lines, respectively.
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